Using inelastic X-ray scattering techniques, we have succeeded in probing the highpressure electronic structure of helium crystal at 300 K which has the widest known electronic energy bandgap of all materials, that was previously inaccessible to measurements due to the extreme energy and pressure range. We observed rich electron excitation spectrum, including a cut-off edge above 23 eV, a sharp exciton peak showing linear volume dependence, and a series of excitations and continuum at 26 to 45 eV. We determined electronic dispersion along the Γ-M direction over two Brillouin zones, and provided a quantitative picture of the helium exciton beyond the simplified Wannier- 
where I and f label the initial and final electronic states and their energies. As the second lightest element, however, helium has a very low X-ray scattering cross section, and its IXS signals are very weak even using high-brilliance synchrotron X-ray source. Previous IXS measurements of solid helium are therefore limited to relatively large samples (10 mm 3 ) in a beryllium cell at low pressures (<0.22 GPa) and temperatures (< 22 K) [5, 6, 17, 18] .
At ambient temperature, diamond anvil cell (DAC) is the only apparatus to pressurize 4 He to reach the solidification pressure of 11 GPa and beyond [2] . The maximum sample size in DAC is small, i.e., 10 -4 times smaller than that in the low-pressure beryllium cell [17] . Although high-pressure electronic IXS spectroscopy in DAC has been developed for studying second-row elements [19] [20] [21] , measurement of the weak signal from 4 He has proven challenging. We optimized the IXS-DAC technique at three third-generation synchrotron beamlines: 13ID-C [19] of the GeoSoilEnvironCARS (GSECARS) and
16ID-D [21] of the High Pressure Collaborative Access Team (HPCAT) at the Advanced
Photon Source (APS), Argonne National Laboratory (ANL), and the Taiwan Beamline BL12XU [20] at SPring-8, Japan. To get sufficient counting statistics, we accumulated the signal and background for a total one-month of beam time.
We used a panoramic DAC [22] and maximized helium sample volume (10 -3 mm 3 )
for the 10 -20 GPa range using large diamond anvils of 630 µm culet diameter. A highstrength beryllium gasket (Grade I-250) with 5 mm outer diameter and 1 mm thickness [22] was fabricated to match the size and shape of diamond culets and to form a sample chamber of 180 µm inner diameter and 25 µm thickness. Research grade helium with natural isotopic abundance of 4 He (99.986%) was loaded in the DAC at 0.2 GPa at ambient temperature [23] . Pressure was calibrated by ruby fluorescence scale.
Both beamlines 13ID-C [19] and 16ID-D [21] at APS use Si(220) scanning incident X-ray monochromator, and an array of six spherical Si (660) analyzers (50 mm diameter) on a Rowland circle of 0.87-m diameter focusing to a single detector in back-scattering geometry (Bragg angle of 89°) at a fixed energy of = 9.6865 keV; the IXS spectrometer has 1 eV (FWHM) energy resolution [19] . Beamline BL12XU at SPring-8
uses Si (400) high-resolution scanning incident X-ray monochromator and two Si (555) 0 E spherical analyzers on a Rowland circle of 2-m diameter at 9.8992 keV, achieving 175 meV energy resolution [20] .
The 4 He sample was solidified at 11 GPa and grew into a hexagonal close-packed (hcp) single crystal [8, 23, 24] , whose orientation was determined by X-ray diffraction [23, 24] . For direct comparison with optical spectroscopy, which samples the Brillouinzone center, we measured IXS spectra near the Γ point of the first repetitive Brillouin zone. To minimize the background signals originating from IXS of beryllium and diamond, we focused the incident X-ray beam to restrict the beam cross-section within 4 He sample volume at all three beamlines. To block the detector from seeing the background signals along the X-ray beam path before and after the 4 He sample, we aligned a 150 µm-width receiving slit within 3 mm to the sample. The residual background signals from diamond anvils and Be gasket are significantly below the sample signals and can be fully subtracted based on the control IXS measurements of the adjacent diamond and Be regions. With the improved measurements, we are now able to observe many more features in the electronic structure of helium than previously possible [5, 6, 18] . Our IXS spectrum of 4 He at 13.4 GPa (Fig. 1) shows a wealth of information.
In addition to the sharp exciton peak at 24.4 eV and the steep edge below 23.7 eV, for the first time we have observed a second broad, unresolved series of peaks around 27.5 eV, and a continuum at higher energy.
The sharp exciton peak was the only feature previously observed in helium at low pressure [5, 6, 18] . Two limiting cases have been used to describe excitons in noble-gas solids: Wannier exciton with freely mobile, weakly-bound electron and hole which is large, or Frenkel exciton with a more localized wave function that is smaller and tightly bound together. The 4 He exciton exhibits aspects of both types [18] , Unable to see any n ≥ 2 Wannier exciton, Arms et al. [5] suggested the exciton was a Frenkel exciton. Now with the clear presence of the series of unresolved peaks at 26-45 eV in our experiment, the possibility of Wannier series excitons mixing with interband transitions can no longer be dismissed. In any case, the Frenkel/Wannier distinction is somewhat artificial, and the onset of the continuum should have a smooth transition from the upper Rydberg-like excitons to unbound states. High pressures change length scales of both the excitonic radii and the nearest neighbor atomic distance. It will be better to describe the system based on the full electronic spectrum, its dispersion, and its change under pressure.
We were able to obtain the full electronic IXS spectra over a range of pressure and momentum space. The (100) reciprocal lattice vector is q* = q (d 100 /2π). Fig. 2 shows the change of the q* = 1, zonecenter spectra as a function of pressure. The inset of Fig. 2 shows the pressure shift of the zone center exciton to lower energy with the molar volume (V) compression given by the linear relation:
The 11.9 and 17.0 GPa spectra were obtained with 1 eV instrumental resolution at beamlines 13ID-C and 16ID-D, and the 13.4 GPa spectrum, with 175 meV resolution at beamline BL12XU [20] . The higher resolution of the latter showed a narrower exciton peak and improved resolution of features above 26 eV (Fig. 1) , at the expense of a sixfold reduction in count rate. The 1 eV resolution is adequate for revealing many major features, including the cut-off edge, the sharp exciton, the series of unresolved excitations, and their shifts as a function of pressure and momentum transfer. We used the 1 eV resolution for better signal intensity and counting statistics to cover the wide range of pressure and momentum space, and the 175 meV resolution for verification of several key points.
We investigated the electron dynamics of hcp 4 He along the Γ-M (h00) direction at 
